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by M. Mahendran 
In Australia, profJ.led steel roof 
claddings are commonly made of very thin high tensile 
steel, and are crest-fixed with serew fasteners. In general, 
the common roof claddings fall into two main groups, 
namely the corrugated roofing (arc and tangent type) and 
t."'1e trapezoidal roofing (Fig. 1). Tney are supported by screw 
fasteners which are only located at every crest for trape­
zoidal roofing with wide pans or at alternate crests for other 
roofing . During high wind events such as stonns and cy­
clones, these roof claddings are essentially subjected to uplift 
loading, and thus undergo large cross-sectional distortion. 
This causes large stress concentrations in the roofing arou.nd 
the fastener hole and the roofing suffers from local failures 
around the screw fasteners.1•2 The corrugated roof clad­
dings undergo a local dimpling failure and the trapezoidal 
roof claddings undergo a local pull-through failure under 
static wind uplift loading2 (Fig. 2(a)). When subjected to 
sustained cyclic wind uplift loading during cyclones, these 
large stress concentration regions around the fasteners de-
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velop low cycle fatigue cracking and lead to pull-througt. 
failure in both cases3.4 (Fig. 2(b)). This leads to loss ol
roof sheeting which is followed by severe damage to the 
entire building and its contents.4 
Steel wall claddings a.� subjected to wind suc-J.on forces 
and thus could suffer from similar pull-through failure modes 
observed in roof claddings. However, since the wind suc­
tion forces are not as large as the wind uplift forces on
roofs and do not fluctuate severely as in roof claddings, 
steel wall claddings do not suffer as bad as roof claddings
and their failures are not due to fatigue cracking. In Eu­
rope, UK and the USA, both roof and wall claddings are 
valley-fixed, whereas in Australia only the wall claddings 
are valley-fixed. The valley-fixed claddings also suffer from 
cross-sectional distortion, larger stress concentration and 
eventually local pull-through failures under wind uplift/ 
suction forces as described above for crest-fixed claddings. 
This is because the valley-fixed claddings are also sup­
ported by screw fasteners located at larger spacing. How­
ever, local failures do not occur prematurely and the static 
and fatigue performance are significantly better than the 
crest-fixed claddings. 3 It is to be noted that the profiles 
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Fig. 1-Commanty used steel claddings in Australia 
shown in Fig. 1 are also used for wall claddings in Aus· 
tralia. 
Since the static and fatigue behavior of both crest- and 
valley-fixed light gage cladding systems under wind uplift/ 
suction are very complicated, at present their design in 
Australia is entirely based on laboratory testing of large 
scale claddings including both static and fatigue wind uplift 
tests according to the metal cladding code. 5 Following sec­
tions are based on work carried out on crest-fixed roof 
claddings under wind uplift. However, they are applicable 
to crest- or valley-rtxed roof or wall claddings under wind -
uplift/suction forces. ··· 
CURRENT TEST METHOD 
A t-.vo-span roofing assembly witi1 simply supported ends 
is used to model the critical regions (eaves and ridge) of a 
multi-span roofing assembly as recommended by the metal 
cladding code.5 Figure 3 (a) shows such a test set-up. The 
critical regions which are susceptible to static pull-through 
failure or fatigue cracking are around the central support fas­
teners. Depending on whether the wind uplift loading is sim­
ulated by a midspan line load or a uniform pressure loading, 
a test span of either 650 mm or 900 mm is selected to rep­
resent the most common prototype end spans of 900 mm of 
the claddings shown in Fig. I. This ensured that the critical 
loading parameters, namely the tensile load per fastener and 
the bending moment at the critical central support, are mod­
eled correctly .1•3 It is common to use two steel sheets in aU 
the tests and this means a specimen size of approximately 
1500 mm x 2000 mm. In the test set-up shown in Fig. 3 (a), 
however, only one sheet was used due to the restricted width 
of the testing machine. Roofing specimens are crest-ftxed to 
steel or timber battens using screw fasteners. Static or cyclic 
wind uplift loading is simulated using a servo-controlled hy­
draulic testing machine or using air bags as shown in Fig. 3 
(a) and (b). When air bags are used, the central support is 
moved cyclically about 5 to 10 nun to obtain the required 
cyclic pressures in the air bags . Layers of bricks can also be 
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used to simulate static uniform uplift pressure on inverted 
claddings as shown in Fig. 3 (c). 
NEW TEST MEmOD 
Crest-fixed Claddings 
Since the claddings suffer from local failures around the 
fasteners, it is believed that the strength of a cladding system 
under static or cyclic wind uplift can be easily determined 
using small scale models including only a small area around 
one of the critical central support fasteners, instead of the 
large scale two-span cladding. Investigations on the static and 
fatigue behavior of roofing using two-span roof claddings re­
vealed that tensile load per fastener was the main critical loading 
parameter, instead of bending moment at the central support. 3 
However, it was found that simulating the tensile load per 
fastener alone would not be sufficient. Since the transverse 
distance between adjacent fasteners is large, roofing under­
goes both longitudinal and transverse bending and membrane 
deformations under wind uplift. Therefore boundary condi­
tions had to be modeled reasonably well to simulate such de­
formations of roofing. 
Based on the above considerations and a large number of 
experiments using small scale models of different size, 
boundary conditions and fastening arrangements, a new test 
method using approximately 240 mm x 240 mm roofmg around 
a single fastener is recommended (Fig. 4) since it produced 
the same local failure loads and failure modes observed with 
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Fig. 4-New test method for crest-fixed claddings 
large scale roof claddings. Since roofing in the transverse di­
rection was considered to represent the tributary width for a 
single fastener it was decided to include at least one corru­
gation on either side of the fastener for corrugated roofmg, 
and to include half the width of pan on either side of the 
fastener for trapezoidal roofmg. Therefore, the transverse dis­
tance between the fasteners was 152 mm for corrugated roof­
ing, 190 mm for trapezoidal roofing (type A) and 175 mm 
for trapezoidal roofing (type B). Longitudinal distance be­
tween fasteners was 200 mm in all cases, giving a clear lon­
gitudinal span of 175 mm. 
In the actual roofing under wind uplift loading, the region 
around the fastener hole deflects upwards, but the roofmg un­
der the fastener head remains fixed. However, the small scale 
models were designed such that the reverse would occur, but 
relative upward deflections of the small scale roofmg at the 
edges and under the fastener head would still be identical. In 
this manner, it is anticipated that the behavior under uplift 
wind loading would still be similar. Thus roofmg was fas­
tened to a small rectangular wooden frame made of four 25 
x 50 mm members to simulate appropriate boundary condi­
tions. The central fastener was not actually fastened to the 
wooden frame, but was free to move vertically. Figure 4 shows 
the small scale models for cormgated and trapezoidal roofing 
and the test method. 
The wind uplift loading on the small scale roofmg models 
was simulated by applying a tension force in the fastener (Fig. 
4 (a)). The specially made central fastener had the same fas­
tener head, but was made to be about 200 nun long so that 
a load cell can be included within its length. Static wind uplift 
loading was simulated simpiy by tightening the long fastener. 
This means a static wind uplift loading test can be carried out 
to failure without the use of a testing machine. Cyclic wind 
uplift loading was simulated by pulling the long fastener cy­
clically on a fatigue testing machine (Fig. 4 (b)). This mearu; 
that the more complicated cyclic wind uplift loading on roof­
ing is replaced by a simple cyclic tension test. 
It is known that the static and fatigue behavior of roof 
claddings are very much dependent on the local failure loads.1� 
Such local dimpling and pull-through failure loads and modes 
of the conunon corrugated and trapezoidal roof claddings ob­
tained from the conventional two-span cladding tests agreed 
well with the small scale model tests, thus validating the use 
of the new test method for static strength evaluation. 2'6 
Fatigue cracking around the fastener holes in the roof clad­
dings is due to the large stress concentrations in the regiot1 
and is very much related to the local failure loads obtainec 
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Fig. 5-New test method for valley-fixed claddings 
from static tests. 3 Since the static testing of small scale models 
produced the same local failure loads and modes observed 
with two-span roofing models, it was considered that the small 
scale models can also be used for fatigue testing. Large scale 
fatigue tests have not been conducted yet to compare the re­
sults from the small scale fatigue tests. The number of cycles 
to failure may not be the same in both cases. However, the 
new test method using small scale models has been used suc­
cessfully in a comparative manner to study the effects of spe­
cific parameters on the fatigue performance. Although it may 
not be possible to obtain the fatigue strength of cladding di­
rectly ·using the new test method, it is believed that fatigue 
strength of claddings can be obtained by applying an appro­
priate reduction factor to the static strength obtained using the 
new method. 2 
Valley-fixed Claddings 
Most of the general observations including the local failure 
modes and loads are the same in both crest- and valley-fixed 
claddings except the fact that the latter is much stronger than 
the fonner. Therefore the com.T.ents made in the previous 
section are true here. A detailed investigation was also carried 
out on valley-fixed claddings to validate the selection of small 
scale models.6 It was found that the same small scale model 
and test method can be used for valley-fixed claddings, the 
de�ails of which are shown in Fig. 5. 
Advantages of the New Test Method 
The new test method using small scale models has been 
successfully used at Queensland University of Technology in 
a number of research projects to study the behaviour and 
strength of roof claddings under wind uplift. In one projece 
it was used to study the contrasting fatigue behavior of cor­
rugated and trapezoidal roof claddings due to overload cycles , 
and in another to develop simple design formulae for their 
strength. Since the new method does not require large spec­
imens or large testing machines or air bags , it is quite a sim­
ple method, very efficient and economical. Compared to the 
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usual large scale two-span roof cladding test method, this new 
method requires very little resources and laboratory space. 
Recently this test method has been extended to determine 
the strength of steel battens under wind uplift, namely the 
pull-through strength of screwed connection between batten 
and rafter and pull-out strength of screwed connection be­
tween roofing and battens which govern the design of battens. 
The same wooden frame with some minor modifications was 
used in the above tests on steel battens. Thus it was dem­
onstrated that the new test method can be used to determine 
the strength of any component in a roof or wall cladding sys­
tem where the strength is governed by a local failure. 
CONCLUSIONS 
A new simple test method using small scale models has 
been developed for testing profiled steel cladding systems un­
der wind uplift/suction forces. This simple method should 
replace the large scale test method using two-span claddings 
used at present. It can be used for roof or wall cladding sys­
tems fastened with screw fasteners at crests or valleys. 
REFERENCES 
1. Mahendran, M., "Static Behaviour of Corrugated Roofing under 
Simulated Wind Loading," Civil Eng. Transactions, I.E. Aust., 32 (4) 
211-218 (1990). 
2. Mahendran, M., "Behaviour and Design ofCrest-:fzxed Profiled 
Steel RoofCladdi.ngs under Wind Uplift,· Engineering Structures, (I994). 
In press. 
3. Mahendran, M., '"Fatigue Behaviour of Corrugated Roofmg un­
der Cyclic Wind Loading, • Civil Eng. Transactions, I.E. Aust., 32 (4) 
219-226 (1990). 
4. Morgan, J.W. and Beck, V.R., "Failure of Sheet-metal Roofing 
u.-ui.er Repeated Wind Loading," Civii Eng. Transactions, i.E. Aust., 
CE19 (1) 1-5 (1977). 
5. Standards Australia (SAA) AS4040.3 Methods of Testing Sheet 
Roof and Wall Cladding, ( 1992). 
6. Mahendran, M., "Test Methods for the Determination of Pull· 
through Strength of Screwed Connections in Profiled Steel Claddings," 
Research Report No. 93-10, Physical infrastructure Centre, Queensland 
University of Technology, Brisbane, (1993). 
7. Maherulran, M., Contrasting Behaviour of Thin Steel Roof Clad­
dings under Simulated Cyclonic Wind Loading," Research Report No. 
93-15, Physical Infrastructure Centre, Queensland University of Tech­
nology, Brisbane. (1993). 
